IN recent work Gavrilescu, Meiklejohn, Passmore and Peters [1932] have shown that potent vitamin B1 concentrates in very small amount increase the oxygen uptake of avitaminous pigeon's brain in lactate solutions. The effect is proved to be catalytic, because the extra oxygen taken up is far in excess of the amount of vitamin B1 added. To avoid begging the question as to the identity of the oxidase factor in the concentrates with vitamin B1, and to economise words, we prfopose to call it "catatorulin." There is very strong evidence to support the view that catatorulin and vitamin B1 are identical. In particular Meiklejohn, Passmore and Peters [1932, 1, 2] found that the catatorulin effect was directly related to the well-known symptom of head retraction in pigeons, and that it disappeared with cure of the birds by vitamin. The indirect evidence in favour of identity is strengthened by the fact, presented here for the first time, that the crystalline preparations of Kinnersley, O'Brien and Peters [1933] exhibit catatorulin action. Nevertheless these workers are not yet convinced that the crystals represent pure vitamin, and therefore any finding of parallelism between catatorulin and vitamin B1 preparations is of importance.
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With these objects in view, a method has been devised for comparing the effects upon oxygen uptake of two different vitamin B1 preparations. Avitaminous brain tissue must be used because the normal shows no effect with added vitamin B1. Attempts to obtain stable dry preparations so far have failed.
There has proved to be good correspondence between vitamin B1 and catatorulin in the crystalline preparations; the method therefore promises to be of value as a new means of estimating the activity of potent vitamin B1 preparations. It has the great advantage that bird variations are eliminated, and that a comparison is made upon an enzyme system rather than upon the whole animal.
EXPERIMENTAL. The Ringer solution used has the composition NaCl 0-9 %, KCl 0-025 %, CaCl2 0-030 %, NaHCO3 0-015 %. To 786 cc. Ringer solution 200 cc. of KH2PO4 6-8 % are added, and then 13-9 cc. 20 % NaOH solution to bring to PH 7-3. After standing for one day, the precipitate is removed by filtration. To each 49 cc. of the Ringer-phosphate is added 1 cc. of a neutralised Na lactate solution, containing sufficient lactic acid to make the final conoentration 0-033 M. The lactate solution was prepared from recrystallised zinc lactate, as formerly described. It is convenient to neutralise, make up so that the required amount of lactate is present in 1 cc. solution, and then to introduce 1 cc. amounts into sterile tubes fitted with cotton-wool plugs. These can be sterilised on 3 successive days for 20 minutes in the steamer and kept in cold store. One tube serves for an experiment. Glass-distilled water is used throughout.
After the second weighing the tissue is finely broken up with a flat-ended glass rod, and immediately following this is added the vitamin made up in Ringer-phosphate lactate; the volumie of this should be at least 0-1 cc., and allowance must be made when filling the bottles, so that the solution with additions reaches 3-0 cc. If care is taken not to remove more fluid than absolutely necessary with the glass rod, then any error from this cause will be negligible. The roll of filter-paper is now inserted, and wetted with 2N KOH, after which the bottles are twice evacuated3 to 70 mm. and filled with oxygen, and the taps closed. Excessive evacuation seems to spoil the tissue. These operations take about 30 minutes from the time of guillotining. When evacuation is completed, the bottles are placed in the bath at 380, the taps being opened temporarily to equalise pressure; they are shaken with several levellings for 9 minutes, and the taps finally closed. The first reading is taken 12 minutes after introducing into the bath, and thereo after at intervals of 30 minutes.
The temperature of 380 represents a compromise between the temperature of normal and avitaminous animals. Doubtless the experiments would be more efficient at 410, but as the effect is well obtained at 380 we have adhered to this temperature, which makes all our observations comparable with those made earlier here.
Preparation of vitamin solutions. The standard solutions (200y crystals of vitamin B1 per 1-0 cc. acid alcohol N/IOOO), as made for the other work in this Laboratory, were used for most of the work. We are indebted to Mr H. W. Kinnersley for his help in their preparation. The necessary amount of vitamin, 0-05-0-1 cc., was measured into a clean small test-tube, one drop of water added, and the alcohol removed on the water-bath.. Immediately before addition to the bottles, Ringer-lactate phosphate solution was added together with an appropriate volume of N/1000 Na2CO3 to neutralise the acid. A convenient volume for addition was found to be 0'5 cc. = ly vitamin preparation. We tried to use dilutions in alcohol, but found that traces of alcohol were apt to increase irregularity of results.
We have assumed throughout that 1 curative pigeon dose = 1 vitamin B, International Unit [see Kinnersley, O'Brien and Peters, 1933] .
1 An envelope opener is ideal for this purpose.
2 Other apparatus for the estimation of oxygen uptake will of course do equally well. 3 Erroneously described as 710 mm. in previous paper.
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Note. Care should be taken to see that the tissue does not become permanently washed up and stuck upon the sides of the bottles. This happens especially with some avitaminous brains, for reasons which are not clear. It can usually be dislodged by careful manipulation.
Variation of catatorulin effect with concentration. Now the mixed brain provides 12-16 samples of about 100 mg. each, making 4 quadruplicate estimations possible as a maximum. Two estimations are made with a standard catatorulin preparation at concentrations of 100 x 10-2y (1y) and 3 x 10-2y respectively and one or two at arbitrary concentration. From these an average curve is drawn by calculating V from the relation
...... (3). It is found that the curves are best satisfied when kc = 10 X 10-2y, i.e. 1/20 vitamin B1 unit gives 1/2 possible velocity, and when R = 20 x 10-2y for 100 mg. tissue. The latter is quite reasonable; it assumes a figure of 1 vitamin B1 unit (pigeon dose) per g. of brain tissue as the limiting concentration possible for life.
The curve is then drawn, using for the points
That at 20 x 10-2y will serve to test the equation. From the curve the concentration of the unknown can readily be found. Correction for variation in the amount of the tissue. Variations are unavoidable in the amount of the tissue, though often they do not exceed ± 15 mg. Change in the amount alters E and also R, R changing in direct relation with E. From equation (1) the effect of changes in tissue amount may be calculated.
If E1 and E2 = amounts of enzyme system, in mg. tissue per apparatus, and (x + R1) and (x + R2) are the amounts of vitamin (in 10-2y) present in each bottle, R1 and R2 being the amounts of tissue vitamin corresponding to E1 and E2 respectively, it can be shown that Xkc X~~~~~~~~~.
. (5).
In calculating results, E has always been taken into account because the figures are reduced to mm.3/g./hr.; no account has been taken, however, of R in the past. Let us consider variations from the true value, introduced by this method of calculation in which 1 is considered as the amount in 100 mg. tissue. Table I gives results, calculated from equation (5) for x = 0, 20, 100 x 10-2y; kc, = 10 x 10-2 y, E1 = 100 mg. and E2 varying.
From Table I it is seen that no allowance for R need be made with amounts of vitamin 100 x 10-2y (1/2 B1 unit); failure to consider R wil make a distinct difference at x = 20 x 10-2y, and more so when x = 0. This accords with The standard error of mean (e) for V will be -i.e.283x-j-= 19 for first hour and =17 %/8' 2-83 ii-o 1-~28-3 for second hour.
Hence V for first hour = 1220 ±38 and for second hour 1070 ±34, if we accept ±2e as the limits between which 21/22 such tests must fall. We may remember that 2/3 of such tests would fall between the limits of 19 and 17 respectively, or approximately 1-6 %. Fig. 2 shows the curves drawn through V = 1220 and 1070, with dotted curves for ±1-6%.
From the curve, we learn that for 58-27, 05y=048y and 0-51y respectively of 64-19. Average 050y, i.e. the preparations are identical in catatorulin activity within experimental limits. On curve A (first hour), we have plotted the area representing ±E. This is theoretically the area within which 2/3 of the tests should fall. Of course by increasing the number of observations to 2 in an experiment, and taking the mean average of 4 observations the standard error of an estimation is again reduced by half. The method should therefore reach with a few birds a much higher accuracy than does the curative or growth test for vitamin B 6-Oy 6-3y
DIscusSION.
It is clear that the complicated nature of the systems studied precludes more than provisional conclusions. With the proviso that the catatorulin in vitamin B crystals is not an actual substrate, it is interesting to compare kc, with klm for the enzymes proper. Assuming a molecular weight of not less than 300 for factor, kc is of the order of 10-8M . This is even a higher affinity than that found for the oxidising enzymes; it will be interesting if similar facts hold for kc of other co-enzymes. So far as we know, this is the first measurement. It is reasonable and consistent with the facts to think that a co-factor would be more highly adsorbed than the substrate. In this case, of course, we are still uncertain of the nature of the substrate.
Variations in 1 (the residual vitamin) should theoretically influence the curve as shown in Fig. 3 . If therefore R increases to 40 x 10-2y per 100 mg. (2 pigeon doses/g.), we should expect to see only very small catatorulin effects with changes in added vitamin. This has been shown to be the case for the normal brain, and suggests that normal tissue contains at least 2 units vitamin B1 per g. It is likely that with further experience estimations of R in small amounts of tissue will be possible by this method.
Theoretically there is no reason why these principles should not be used generally for the estimation of substrate with tissue preparations.
Exp. 1 shows that kc does not change significantly during the 1st and 2nd hours, when working with crystalline vitamin preparations. This is found even though the total oxygen uptake decreases. It indicates that this decrease is due to a steady inactivation of the enzyme system, in which E progressively decreases. SUMMARY. 1. A method is described for comparing the co-ferment effect upon the oxygen uptake of avitaminous birds' brain of two vitamin B1 concentrates. The specific factor responsible is called " catatorulin."
2. Crystalline specimens of vitamin B1 are active sources of catatorulin; distinct effects are shown with Oly in 3 0 cc. solution.
3. There is a wide parallelism between vitamin B1 and catatorulin activity, which suggests strongly that they are identical and that the method estimates vitamin B1.
4. The affinity constant (kc) for catatorulin is of the order of 10-8 M, which is greater than that of the oxidases for their substrates.
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